Abstract
INTRODUCTION
The incidence of rectal cancer invading the female reproductive organs has been reported to be up to 18% [1] [2] [3] . An en-bloc resection of the rectum, uterus and both ovaries, known as a posterior pelvic exenteration (PPE), is a curative procedure for this condition [4] [5] [6] . There is also certainty that PPE should be performed in every female rectal cancer patient with suspected local invasion to the reproductive organs because it is difficult to distinguish intraoperatively whether adherence to the adjacent organs is malignant or only due to the peritumoral inflammatory process [2, 7] . Non en-bloc resection of the tumor invading other structures resulted in higher risk of local recurrence and poorer survival [7] . PPE remains a radical procedure associated with significant morbidity and mortality [8] [9] [10] . Details of early surgical outcomes related to the procedure are not clearly defined in the available literature. Furthermore, most investigations [11] [12] [13] [14] [15] [16] included heterogeneous patients with different surgical operations, including cases of primary and recurrent rectal cancer, and focused primarily only on patient survival rate.
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The aim of this study was to determine the immediate surgical outcome and recovery of bowel function following PPE for primary rectal cancer with suspected local invasion to the female internal reproductive organs in comparison with a case-control series of standard resection for primary rectal cancer.
MATERIALS AND METHODS

Patients
We carried out an analysis of 10 consecutive female patients with rectal adenocarcinoma with suspected local invasion to the female internal reproductive organs who underwent PPE between December 2003 and May 2006 at the Department of Surgery, Faculty of Medicine Siriraj Hospital, Bangkok, Thailand. Data were prospectively collected during hospitalization. The study was approved by the Institutional Ethics Committee and informed consent was obtained from all the patients. These patients were compared with a group of female patients who underwent standard resection for primary rectal cancer in the same period (non PPE group). They were matched for age, co-morbidity and location of tumor, with the ratio of 1 PPE case to 2 non PPE cases.
Rectal cancer was defined as a tumor with the lower edge located within 15 cm from the anal verge measured by rigid sigmoidoscopy. PPE was defined as an extirpation of the rectum in block with the internal genital organs and draining lymph nodes. Patients receiving neoadjuvant therapy, or who had recurrent tumor or laparoscopic resection, were excluded.
Surgical procedure
All patients were operated on by the same surgical team in the colorectal unit. Gynecologists participated in a few cases with PPE. Each patient underwent preoperative mechanical bowel pre paration using 2 liters of polyethylene glycol a day before surgery. In the operating room, all patients received general anesthesia with or without epidural anesthesia. Intravenous prophylactic antibiotics were administrated. The abdominal operation was performed via midline incision. Standard oncological resection was performed in every patient. Adequate mesorectal excision was performed in tumors of the upper third of the rectum and total mesorectal excision in tumors of the middle and lower third of the rectum. The type of reconstruction, either straight, side-to-end or colorectal anastomosis, was left to the discretion of each surgeon. No protective stoma and pelvic drain was performed. Prophylactic intravenous antibiotics were discontinued within 24 h-48 h.
Statistical analysis
All data were recorded including patient demographic, operative details (suspected organs involved, operative time and blood loss), pathological staging and postoperative outcomes. The postoperative outcomes, including mortality, morbidity, time to first bowel movement, time to first defecation, time to resumption of normal diet, and hospital stay, were analyzed. Patients were discharged from the hospital when they had no fever, good ambulation, good appetite and satisfactor y recover y of bowel function. All patients were scheduled for follow-up at 30 d postoperatively. Patients with T3/4 or N-positive tumors were further scheduled for adjuvant therapy.
All data were prepared and compiled using SPSS computer software (version 10.0 for Windows). Means and standard deviations were assessed. The KolmogorovSmirnov test was used to test for the pattern of data distribution. t-tests were used to compare data between the two groups when they showed normal distribution. MannWhitney U tests were used when data were not normally distributed. Pearson chi-square tests or Fisher's exact tests were used for categorical data. A P value of less than 0.05 was considered statistically significant.
RESULTS
During the 2.5-year period mentioned, 64 female patients underwent various curative resection of the rectum for primary rectal cancer. Ten patients (16%), with a mean age of 57 years (range 43-81), underwent PPE. Sphinctersaving operations and R0 resection were achieved in all cases studied.
In the PPE group, pathological reports showed direct invasion of reproductive organs in 4 cases and an involvement of lymph nodes in 7 cases. Correlation between indications, tumor location and pathologic findings in the PPE group are shown in Table 1 . Patientand tumor-related variables were not statistically different between the PPE and non-PPE groups. The average operative time and blood loss were significantly greater in the PPE group (274 min vs 157 min, P < 0.001; 769 mL vs 203 mL, P = 0.008, respectively; Table 2 ).
No thirty-day postoperative mortality occurred in this study. Each group had a complication rate of 10%; one intraabdominal abscess requiring a 10-d regimen of intravenous antibiotics occurred in the PPE group, one superficial surgical site infection and one anastomotic leakage requiring percutaneous drainage and bowel rest occurred in the non-PPE group. Time to first bowel movement, time to first defecation, time to resumption of normal diet and postoperative hospitalization were not significantly different between the two groups (Table 3) .
DISCUSSION
In the present series, PPE was employed in 16% of the female patients with primary rectal cancer, which was comparable to previous reports of 14%-28% in the literature [1, 7, 17] . The mortality rate after PPE is generally less than 10% [1, 13, 18, 19] , depending on patient characteristics, comorbidity and hospital setting. The zero 30-d mortality found in the present study may be the result of the fact that all the operations were electively performed by experienced colorectal surgeons and few patients had severe co-morbidity. In order to minimize mortality, PPE should be performed in selective cases in a specialized and well-equipped medical institution.
The PPE group tended to have larger tumors and a higher preoperative carcinoembryonic antigen (CEA) level than the non PPE group. However, this finding did not decrease the rate of sphincter-saving operation because preservation of the anal sphincter mainly depends on the location of the tumor in relation to the anal verge rather than the size of the lesion [20, 21] . In our experience, PPE increases the operative time and blood loss but does not increase morbidity and hospital stay time. Bannura et al [1] revealed that PPE was associated with prolonged operative time, increased postoperative complications and delayed hospital discharge when compared with non PPE cases. This report from Chile included 50% morbidity with an average hospital stay of 19 d in the PPE group. The high morbidity in that study may be due to one-third of PPE involving abdominoperineal excision and one-fifth receiving neoadjuvant chemoradiation. Operation for recurrent pelvic malignancy [13] , concomitant resection of bony pelvis [16] , and preoperative pelvic radiation [22] have been identified as risk factors for postoperative morbidity after PPE. The common complications following PPE include intraabdominal hemorrhage, pelvic abscess or fluid collection, anastomotic leakage, urinary tract infection, wound infection, and intraperineal fistula [23, 24] . In the present study, we found no difference in clinical recovery of bowel function between the two groups. There have been a number of independent factors influencing recovery of gut function [25] [26] [27] , including postoperative complications, narcotics administration, electrolyte imbalance, and hypoalbuminemia [28] . However, no published study has been able to demonstrate any correlation between prolonged operative time or increased blood loss and delayed recovery of postoperative bowel function [29] . Length of hospital stay for the PPE group and non-PPE group was not significantly different. This finding may suggest that additional non-gastrointestinal resection does not increase operative risk and hospital stay in rectal cancer surgery [30] .
In conclusion, PPE was associated with longer operative time and increased blood loss, but did not compromise immediate surgical outcomes and postoperative bowel function compared to standard rectal resection. PPE can be justified as a liberal and safe operation for primary rectal cancer with suspected local invasion to the female internal reproductive organs.
COMMENTS
Background
Posterior pelvic exenteration (PPE) is the gold standard operation for rectal cancer invading the female reproductive organs. There is also no doubt that PPE should be performed in every female rectal cancer patient with suspected local invasion to the reproductive organs because it is difficult to distinguish intraoperatively whether adherence to the adjacent organs is malignant or only peritumoral inflammatory process. However, PPE remains a radical procedure and could be associated with a significant morbidity and mortality.
Research frontiers
Details of early surgical outcomes following PPE are not clearly defined in available literatures. Furthermore, most investigations included heterogeneous patients with different surgical operations, and both with cases of primary and of recurrent rectal cancer.
Innovations and breakthroughs
The present study clearly demonstrated that PPE did not compromise immediate surgical outcomes and postoperative bowel function comparing with standard rectal resection for rectal cancer.
Applications
PPE could be justified as a liberal and safe operation for primary rectal cancer with suspected local invasion to the female internal reproductive organs although it is associated with longer operative time and increased blood loss comparing with standard rectal resection. Further research might focus on the long-term outcomes (such as disease free survival and survival time) between the two procedures in female patients with locally advanced rectal cancer. 
